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© Method of separating metals from catalyst material. 



© A method of separating metals from carbon-supported catalyst materials comprises the steps of combusting 
the carbon at a temperature insufficient to cause volatisation of the metal followed by reduction with hydrogen of 
any oxidised metal and washing with acid or water. 
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METHOD OF SEPARATING METALS FROM CATALYST MATERIAL 

The present invention relates to the separation of metals from catalyst materials and more particularly S 
relates to the separation of metals from carbon-supported catalyst materials. % 

Many catalyst materials comprise a supporting medium carrying a metal or metal compound. When a 
catalyst is no longer effective in a reaction process, it is often desirable to recover the metal or metal 
5 compound. This is particularly the case for relatively precious metals. However, known techniques are 
sometimes unsatisfactory in their ability to separate the components. The present invention relates to an 
improved process for the separation of valuable metals from a carbon supported catalyst material. 

Thus, according to the present invention there is provided a method for separating metals from carbon- 
supported catalyst materials, the method comprising:- 
io (aj contacting the catalyst material with an oxygen containing gas at a temperature sufficient to 

promote combustion of the carbon support but insufficient to cause volatilization of the metals and their 
compounds. 

(b) contacting the resultant material from step (a) with hydrogen at a temperature sufficient to 
promote reduction of any metals oxidised in the preceding step but insufficient to cause volatilization of the 

ts metals and their compounds, and 

(c) washing the resultant residue from step (b) with acid or water. 

The final residue from step (c) is preferably washed and dried prior to further purification by 
conventional means, if desired. The metals preferably comprise an oxidisable platinum group metal and 
most preferably comprise ruthenium. Metal compounds may also be present, for example, barium 

20 carbonate and caesium carbonate. Preferably these compounds are not volatile below about 600'C and 
most preferably they are beneficial in the combustion of the carbon support, for example caesium 
carbonate. Other support materials may also be present, in addition to the carbon. 

In step (a) the preferred temperature is between 350 * 0 and 550" C. The rate of oxygen containing gas 
flow is adjusted to maintain the temperature in the preferred range having regard to the exothermic nature 

25 of the combustion. The oxygen containing gas may be oxygen diluted with a non-reactive gas such as 
nitrogen or is preferably, air. In step (b) the preferred temperature is between 200 and 250 ' C. The rate of 
hydrogen flow is maintained to achieve reduction of any oxidised metals. The hydrogen may be diluted with 
a non-reactive gas such as nitrogen or helium. At the end of steps (a) and (b) the material may be purged, 
whilst being cooled, with a non-reactive gas such as nitrogen, to displace oxygen or hydrogen prior to 

30 subsequent steps. 

The final residue from step (c) may be washed with a mineral acid such as hydrochloric acid or with an 
organic acid such as acetic acid, a suitable concentration being 1 molar strength in aqueous solution. These 
acids remove salts such as caesium and barium carbonates, if present. Alternatively, the use of distilled 
water alone removes salts such as caesium carbonate, if present. 
35 The invention will now be described by way of example only and with reference to the accompanying 
drawing. 

The drawing shows in cross-section a vertical tube-reactor which was used to treat the catalyst material 
by the method according to the invention. 

The reactor tube (1) was made of alumina or Pyrex (a registered trade mark). The catalyst material (2) 
40 was supported by a support (3) which was either a plug of Saffil wool or a No. 2 glass sinter. A flange (4) at 
the top end of the reactor was adapted for connection of a gas inlet (5) and insertion of two thermocouples 
(6). A flange <7) at the bottom of the reactor tube (1) connected with a gas outlet (8). The reactor tube (1) 
was enclosed in an electrical furnace (9). 

A sample of spent ammonia synthesis catalyst was used for all the examples described herein. The 
45 composition (as determined by an X-ray fluorescence technique) was: ruthenium 0.1 to 50 parts per tOO ,r 
parts by weight of carbon: combined total of caesium and barium between 0.005 and 0.1 moles per mole of 
carbon. 

The experiments were carried out at atmospheric pressure. The high exothermicity of reaction, rapid 
reaction kinetics and low heat loss caused very rapid heating when air was passed over the catalyst. The 
so temperature of the bed was kept within the range 350 - 550* 0. The experimental conditions are given in 
Tabl 1 and the analytical results are summarised in Table 2. The residues and leach liquors were analysed 
by atomic absorption spectroscopy. 
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Example 1 

A sample of catalyst (30 g) was heated at 350* C under a flow of nitrogen (80 cm 3 min" 1 ) for 1 hour 
and then at 300 - 350 *C under a flow of air (400 cm 3 min" 1 ) for 8 hours. The residue obtained (RES-1), 

5 was divided into two portions, one of which was washed in water (RES-1 W) the ther washed in 1M aqueous 
hydrochloric acid (RES-1 H). The analysis of the residues and wash solutions showed that ruthenium 
recovery to RES-1 W was 90% while RES-1 H gave a recovery of only 60%. The remainder of the ruthenium 
was assumed to have passed into the wash solution (although mass balances are not complete). It was 
assumed that the ruthenium in the residue was present in an oxidised state and that this was easily leached 

io by the hydrochloric acid. A sample of RES-1 was reduced in a thermobalance under a flow of hydrogen. 
The thermogravimetric trace showed that after some loss of moisture there was a decrease in weight due to 
reduction of the ruthenium dioxide i.e.:- 

Ru0 2 (s) + 2H 2 (g) = Ru(s) + 2H 2 0(g) 

75 

and the differential thermal analysis trace showed characteristic exotherms due to reduction. 



Example 2 

20 

In Experiment 2, some of the residue after combustion (RES-2) was reduced in a stream of hydrogen, 
at a temperature of 220* C. This residue (RES-2R) was then washed in hydrochloric acid to remove 
caesium and barium. The final residue (RES-2RH) was analysed for ruthenium and was found to be 95% 
pure ruthenium with a recovery of 95% into this phase. However, there was still about 2% in solution (X-ray 
25 diffraction analysis showed mainly ruthenium with a trace of barium sulphate). 

The unreduced residue, RES-2H, showed a ruthenium recovery of 62.5% at a product purity of 71%. 

TABLE 1 



30 


EXPERIMENTAL CONDITIONS 




Experiment 


Combustion 


Reduction 


Wash 


35 


1 


30 g catalyst 

(i) N 2 /80 cm 3 /min-V350*C/1 h 




5.8 g RES-1/150 cm 3 
HCI/7 h* = 1 ,27 g RES-1 H 
6.0 g RES-1/150 cm 3 
H 2 0/7h = 1.75 g 
RES-1 W 


40 




(ii) 

air/400cm 3 min-V300-350" C/8 
h = 13.2 g RES-1 






45 
50 


2 


30 g catalyst 

(i) N 2 /80 cm 3 min-V350* C/1 h 

(ii) air/500 

cm 3 min-V350-450*C/1 h 

(iii) air/100 cm 3 min"V400 ' C/1 
h = 12.2g RES-2 


5.07 g RES-2/H2/20 
cm 3 min/220 # C/2h = 4.85 g 
RES-2R 


4.5 g RES-2R/150 cm 3 
HCI/7 h = 0.71 g 
RES-2RH 

4.52 g RES-2/150 cm 3 
HCI/7 h = 0.60 g RES-2H 



* Concentration of HCI used = 1 M 
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TABLE 2 



ANALYTICAL RESULTS 


Experiment 


Residue 


Ruthenium (%) 


Residue Purity 
Analysis 


Recovery into 
Residue 


Recovery into 
Solution 


Total 
Recovery 


1 


RES-1H 


38.0 


57.6 


27.2 


84.8 


RES-1W 


43.0 


90.2 


1.8 


91.8 


2 


RES-2RH 


95.0 


95.0 


2.6 


97.6 


RES-2H 


71.0 


62.5 


35.2 


97.7 



Claims 

20 

1. A method for separating metals from carbon-supported catalyst materials comprises the steps: 

(a) contacting the catalyst material with an oxygen containing gas at a temperature sufficient to 
promote combustion of the carbon support but insufficient to cause volatisation of the metals and their 
compounds, 

2s: (b) contacting the resultant material from step (a) with hydrogen at a temperature sufficient to 

promote reduction of any metals oxidised in step (a) but insufficient to cause volatisation of the metals and 
their compounds, and 

(c) washing the resultant residue from step (b) with acid or water. 

2. A method according to claim 1 in which the metals comprise one or more oxidisable platinum group 
30 metals. 

3. A method according to claim 2 in which the oxidisable platinum group metal comprises ruthenium. 

4. A method according to any one of the preceding claims in which the catalyst material comprises a 
barium compound. 

5. A method according to any one of the preceding claims in which the catalyst material comprises a 
35 caesium compound. 

6. A method according to claim 2 in which the catalyst material comprises compounds which are not 
volatile below 600* C and which are beneficial in the combustion of the carbon support. 

7. A method according to any one of the preceding claims in which the catalyst material comprises 
additional support materials. 
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© Method of separating metals from catalyst material. 

© A method of separating metals from carbon-supported 
catalyst materials comprises the steps of combusting the 
carbon at a temperature insufficient to cause volatisation of the 
metal followed by reduction with hydrogen of any oxidised 
metal and washing with acid or water. 
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